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Application of Waste Plastic Disposals to Marine Diesel Engines

Wei haijun Guan delin  Wang hongzhi

Maritime Engineering College, DMU, Dalian of China, 116024
Abstract:This paper illustrates a new test and result of WPD oil applied to marine diesel
engines. In recent years, we must make an effort to develop an advanced technique for
recycling waste plastics in order to utilize scrapped plastics as fuel for diesel engine. It is very
important and necessary for us to cope with the increasing calorific value and the growing need
of environment protection. The experiment fuel oil was obtained by mixing of diesel oil, WPD
and water.
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Abstract: This paper illustrates a new idea methods and result of WPD oil applied to marine diesel engines.
In recent years, we must make an effort to develop an advanced technique for recycling of waste plastics in
order to utilize scrapped plastics as fuel source for diesel engine. It is very important and necessary for us
to cope with the increasing calorific value and the growing need of environment protection. The

experiment fuel oil was obtained by mixing of diesel oil, WPD and water.
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1. Introduction

In the word today,129 million tons of plastics are annually generated, 60% of which, equals 69 million tons,
are recycled to fuel oil. If the total amount were recycled it would fill up 350 tankers of 200000 tons. As the result,
nolvstyrene-made receptacles from supermarket and so forth have been collected and reprocessed in processing
tower at temperature of 400 ~ 500°C back to fuel oil. The purpose of this paper is to study the applicability of
thermal processed fuel oil { hereafter called waste plastic disposal or WPD ) to marine diesel engines
using low quality fuel oil. In the experiment, stability of engine operation and components of exhaust gas,

such as NOx and COx, have been inspected from basic and applicable points of view.

2. Properties of WPD

Table 1 shows the results of components analysis and the formation of WPD. The mains of WPD are styrene-
based components, which count for 60% of the fuel in volume.

Diesel oil or A heavy fuel oil and WPD are mixed at rates for the experimental use. Although the ignition
temperature of diesel oil is 80~100 °C but it decreases as WPD mixing rate increase. At the rate of 50% the ignition
temperature of the mixture is 40%. The relation between surface tension and density, which affect the formation of
particulate matters and the mixing rate, is illustrated in figure 2.The figure shows the increase in both of these

values along with the increase in the mixing rate.

3. Experiment method and apparatus

With the aim to run diesel engines on WPD, experiments on an intermittent combustion chamber under
atmospheric pressure were first conducted before that on diesel engines. The engine ( YANMAR NF19E ) for
experiment is of single horizontal cylinder four-stroke diesel engine with continuous rated power of 11.8kW at
2200rpm.The mixing rate between WPD with diesel oil, as well as A heavy fuel oil is defined by the ratio of
WPD/diesel oil and WPD/ A heavy fuel oil respectively. The experiment apparatus is illustrated in figure 1.

The oils used for the experiment are made by mixing WPD with diesel oil or A heavy cil at different ratios. In



order to evaluate the engine operation and the characteristics of exhaust gas components, such as NOx and COx,
particulate matters .etc, the change in combustion pressure, ignition lag and components of exhaust gas have been

measure. Table 2 shows the oil for the experiment.

4. Experiment results and considerations
4-1.Experiment on open combustion chamber
In order to gasp the properties of mixed oil characteristics of exhaust gas and combustion experiments were
conducted on an open combustion chamber. The combustion chamber is provided with a built-in heater, a fuel
nozzle with the opening pressure of 11.27 MPa and a Bosch type fuel injection pump driven by an electric motor.
As the ratio of WPD/diesel oil varies from 0~100vol.%ignition lag and combustion time decrease from 6 to 3 (ms)
and 130 to 80 (ms) respectively and NO concentration from 20 to 7 (ppm) due to the addition of WPD.
4-2. Experiment on diesel engine
a. WPD mixed diesel oil
The experiments were carried out at constant load of 75% whilz WPD mixing -ate is varied. As shown in
figure 2, ignition lag and combustion pressure increase along with the increase in the mixing rate. However, the
finish points of combustion are alike. As the mixing rate increases, while the ignition lag increases the exhaust gas
temperature goes down slightly at the mixing rate of 10% but no considerable change could be seen.

Figure 3,4 illustrate the distribution of NOx , O,, CO and particulate matiers concentration in relation with
WPD mixing rate. Accompanied with the increase in WPD mixing rate, because of the increase of the maximum
combustion pressure, NOx concentration dependently increases, especially NO,, accounts for 10 vol.%of NOXx,
remarkably goes up. Concentrations of O,, CO, and CO are almost constant at the value of about 9~10%, 8~9%,
and hundreds ppm respectively. The figure also shows the reduction in particulate matters’ concentration in relation
with in creasing WPD mixing rate, by half at the mixing rate of 40 vol.%.

b. WPD mixed A heavy fuel oil

Although the specific gravity of the mixed oil increases as the mixing rate goes up, the ignition point and
kinetic viscosity decreases. For instance, when the mixing ratio between WPD and A heavy fuel oil changes from
0/100 to 30/70 the specific gravity changes from 0.873 to 0.885, ignition point from 52 to 42.5°C, kinetic viscosity
at 50 °C from 2.275 to 1.739mm? /s. Figure 5,6 show the change in combustion pressure, ignition lag and exhaust
cas temperature at the mixing ratios of Ovol.%, 25vol.% and 50vol.%. As the mixing ratio increases while the
ignition lag increases the combustion time decreases. Figure 7 illustrates the change in concentration of O,, CO and
CO,.

As seen in figure 8, when the mixing rate increases, NO concentration increases within 800 ~1000ppm, but
particulate matter and dry soot concentration go down.
c.Reduction of NOx and particulate matter emission by water addition

With the purpose to restrain the emission of NOx, emulsive mixtures, shown in table 4, were made by adding

water to 20%WPD mixed oil with the aid of emulsification additives nockless 300. During the experiment, the
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mixture was fed to the engine while being stirred by an electric belder so as to maintain its uniformity. Along with
the increase in the water adding rate, the ignition lag increases and the maximum pressure decreases. As compared
to the waterless mixture, at the 30% water mixing rate, the exhaust gas temperature and No and NOx emission
decreases by 50°C and 20~30% respectively. As shown in figure 9, CO concentration increases by 2 times at the
rate of 30% but CO, remains stable. In figure 10, the concentration of soot consisting of dry soot and soluble
organic fraction remains unchanged regardless of the water addition.

5. Conclusion

The purpose of this study is to reuse waste materials and develop a new fuel oil for marine engines. Beside,
economic, environmental aspects as well as the efficiency of the engine are also considered.
From the basic and applicable viewpoints, the conclusion on the applicability of the WPD mixed-diesel oil and
WPD mixed- A heavy fuel oil derived from this study are as follows:

1. The experiment on the open combustion chamber shows the trend in improving fuel oil ignition and

reducing NOx emission.

2. In case of diesel engines. ignition lag and NOx emission increases as WPD mixing rate goes up but
continuous operation of engine is attained without failures.

3. For reduction of NOx emission by addition of water, a remarkable is gained as well as the reduction of
particulate matters’ reduction.
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